INTRODUCTION
In the course of a study of the change in plasma volume accompanying treatment with desiccated thyroid in myxedema (1) , it was noted that after the basal metabolic rate had been restored to normal, further increases in thyroid dosage up to four times the maintenance requirement produced proportionately much smaller increases in basal metabolism than did the maintenance dose. The effect at a normal level, in fact, appeared to be of about the same magnitude as that produced by giving thyroid to a normal individual.
It seemed desirable to confirm these observations, using thyroxin intravenously instead of desiccated thyroid by mouth, in order to eliminate the possibility of non-absorption of the latter from the gastro-intestinal tract. METHOD Accordingly, two patients with untreated typical myxedema were each given 10 mgm. of thyroxin intravenously, and the influence on heat production and on clinical symptoms were compared with those following the same dose given to each patient at a later period when the basal metabolism was maintained at a normal level by desiccated thyroid (figs. 1 to 6).
Both patients were kept in the hospital on routine diet throughout the "thyroxin curve" periods, with the exception of the second patient It is very important to keep the patient for a long time on a given dose of desiccated thyroid before drawing the conclusion that a metabolic level is established on that dose. The first patient was kept for four months on three grains of desiccated thyroid daily before the second injection of thyroxin. The second patient was kept for nearly two months on three grains, and then for four months on one and one-half grains of dessicated thyroid daily before the second injection of thyroxin; and on three grains daily for nine months before the third injection. Moreover, after a level had been established on these doses at home, a change occurred after return to the hospital: the metabolism determinations were usualiy lower, evidently due to the elimination of a rather long journey to the hospital before each test.
In order to keep conditions constant throughout the experiment, the daily doses of desiccated thyroid were continued following the second and third injections of thyroxin.
Basal metabolic rates were determined with the Roth-Benedict apparatus, using Aub-DuBois stndards.
We used Squibb's thyroxin and Armour's desiccated thyroid.
DATA
The course of the basal metabolic rate, of the pulse and of the weight in each instance, is depicted in figures 1 and 2. The effect of each injection on the basal metabolism is shown in detail in figures 3 and 4. The temperature reactions after each injection are shown in figures 5 and 6.
The general clinical course of the toxic effects of an injection of thyroxin has been described by Boothby, Sandiford, Sandiford and Slosse (2) , but detailed descriptions of the onset and duration of both toxic and beneficial effects in their relation to metabolism, have not been reported. For this reason, the clinical histories of these two patients are given in detail. I hair very dry and brittle. Her skin was dry and scaly and showed marked pigmentation on the face and arms. Her voice was hoarse and her speech extremely slow and deliberate. She felt sleepy, weak and cold all the time, and had some dyspnea and palpitation on exertion. She never perspired. Her appetite was poor and she was constipated. She was markedly slowed mentally, her memory was very poor, and she was somewhat deaf. Her catamenia had been absent for six years. Her basal metabolic rate was minus 40 per cent.
On May 14th at 3 p.m. she was given 10 milligrams of thyroxin intravenously. At 6 p.m. her skin felt warmer and her pulse had risen slightly. She had some palpitation during the night. Next morning she appeared brighter and talked faster. The edema of her eyelids had noticeably diminished. There was slight pain on moderate pressure of muscles of the right neck, upper arm and the lower half of both legs. The following day she had marked palpitation and felt as if she were burning up. She was nauseated and vomited three times. She had a slight watery nasal discharge. On the 17th the edema of her eyelids was practically all gone. Her mouth and lips were parched. She was thirsty and was passing more urine than usual. There was no increase in muscle soreness. The next day she noticed that she felt less drowsy and that the skin on her face was softer, although it was still rough and dry on her hands. Her tongue felt as though it had "more room" in her mouth. On the 19th the muscle soreness had increased somewhat. On the 20th it was noted that the skin of her hands was definitely smoother and softer. Her heart was much quieter. Her facial expression had completely changed, due to the disappearance of edema. Her basal metabolism had reached its highest level of plus 3 per cent. By the 25th her skin was peeling all over her body. She felt brighter and stronger and moved about much more quickly. The muscle soreness was not as marked. The pigmentation of her skin was beginning to fade. Her hair was starting to fall out. By the 30th the desquamation of her skin was very marked, particularly on her legs. Although still edematous at the ankles, her legs felt much less heavy and numb. She did not mind the cold and her appetite was improving. Her voice was much less hoarse and she talked much more quickly than on entry. June 3rd the peeling of the skin was less marked and her hands did not feel as hot. Her ankles were still swollen slightly, but there was no edema of the face. On the 11th she stated that her hearing was better and that she could think more quickly than before the injection of thyroxin. She could also move her fingers and toes more easily. June 15th she was still improving, although her basal metabolism had fallen to minus 28 per cent. June 18th edema of the eyelids began to recur and she began to feel as if she would enjoy a nap after lunch. She had had no ankle swelling for about a week. July 2nd she was still feeling well and was able to walk around the hospital yard six times without resting-the first time she had accomplished such a feat. July 4th her voice was slightly hoarse and she talked a trifle more slowly. The pigmentation of her skin had faded still more. July 12th the skin had stopped peeling on her face but was still peeling markedly 441 on her palms. She found it harder to keep balanced when walking. July 20th she felt more drowsy. July 29th her lower eyelids were markedly swollen on arising. The thick heavy skin on the soles of her feet had begun to peel. Her basal metabolism was minus 33 per cent. August 8th she had some numbness of the fingers of her left hand. Her skin was slightly dry and it had just finished peeling on her hands. Her hair was not falling out. She was somewhat slowed up and her walking was a little unsteady. Her tongue was gradually becoming thick again. Marked edema of the eyelids was present on arising, but there was no noticeable increase in edema elsewhere. She was not cold and said that she felt much stronger and brighter than when she entered the hospital. Her basal metabolism had reached its pre-injection level of minus 40 per cent.
On August 9th she was started on 3 grains of Armour's desiccated thyroid daily. Within two days she felt brighter and less sleepy. By August 16th the puffiness of her eyelids had diminished considerably and by August 29th it was gone. She felt tired however. By September 3rd the skin on her feet had stopped peeling. She had slight muscle and joint pains. Her hair was falling out a little but new hair was growing in. October 1st she was discharged from the hospital with a normal basal metabolism. Her skin was smooth except for some peeling on her arms and hands. There was no edema of her eyelids. Her feet felt more supple and she was stronger and brighter than one month previously. The pigmentation on her arms and face had faded markedly. While home, she became more nervous, tired easily and appeared a little "washed out." October 23rd she had her first normal catamenia for seven years. She was readmitted to the hospital November 29th. In a few days she felt more rested. Her level of basal metabolism was minus 4 per cent.
She was given 10 mgm. of thyroxin intravenously at 12 p.m. December 8th. Desiccated thyroid (3 grains daily) was continued. December 9th she noted no change except that she felt warmer, her heart pounded somewhat and the muscles of her left arm were slightly tender. That night she had a slight feeling of suffocation and had "catching pains" in her left axilla for about 15 minutes. December 10th she was a little nervous and "shaky." By the 11th she was still feeling warmer and perspiring more. Her pulse became rapid only on exertion. ,She had anorexia and slight nausea but no vomiting. On the 12th she was very thirsty and was unsteady on her feet. December 13th, when in bed, she felt well; when walking about she got "shaky." She had attacks of marked perspiration and her mouth felt dry and parched. December 14th she was tremulous, had intermittent muscle pains, and felt hot and fidgety. On the 15th she felt much better. Her appetite was improving. December 16th, although still somewhat fidgety, her muscle pains had disappeared. She noticed a marked increase in salivation since receiving thyroxin. She had practically no palpitation. On the 18th she still felt unusually warm. The pigmentation of her skin had almost completely faded. December 20th she had no complaints. She felt better than she did on entry in that she was more rested. Her nervousness had practically disappeared. On the 29th she was clinically the same. Her skin was still slightly more warm and moist than normal, although this had decreased noticeably within the last week. Her hair had begun to fall out about one week previously. By January 1st, 1928 her basal metabolism had returned to its pre-injection level. On the 7th she was discharged from the hospital, still taking 3 grains of desiccated thyroid daily. After she went home, as she was tiring easily and was nervous and restless at night, perspired easily and had some precordial pain and palpitation, her dose of thryoid was reduced to 2 Her tongue, face, hands, abdomen and legs were swollen. Her hair was coarse and dry. Her skin was very dry and scaling and she never perspired. Her speech was slow. She was always cold and drowsy. Her appetite was poor, she was nauseated in the mornings and was very constipated. Her mental processes had become very slow and her memory poor. She was ataxic and had frequent headaches. The level of her basal metabolism was minus 45 per cent.
On March 3rd, at 3 p.m. she was given 10 mgm. of thyroxin intravenously. At midnight she passed an unusually large amount of urine. All the next day she had a severe headache and marked nausea and anorexia, with increased thirst. S>e felt warm and objectively her face felt very hot. There was a noticeable diminution in the edema of her eyelids. She had slight pains all over herbody and by evening her arm and leg muscles were sore on moderate pressure. March 5th her headache was less severe. She felt very hot-her temperature was 1040F.
In the afternoon all her tissues all over her body were extremely sore. She sweated profusely all night. Next day her muscle soreness was much less, although still marked in the leg muscles. She was nervous and tremulous. The edema of her face had markedly diminished. March 10th her basal metabolism had reached its highest level of minus 6 per cent. For the first time in several days she was able to eat a moderate amount. She talked faster and louder and felt much brighter. She was still thirsty and passing an increased amount of urine. On the 12th the swelling had disappeared from her face and none was noticeable elsewhere in the body. She had no headache. She shook violently on trying to stand up. She had had no nausea and vomiting for two days and her muscle soreness had subsided. She looked much brighter. The skin on her hands was more moist and smooth and the skin on her face and feet had just begun to peel. March 14th she felt much improved and could walk better than for a week. Her appetite was fair. By the 20th she was "feeling good," but she could not eat. On the 23rd her skin was still dry on her trunk, although definitely softer on her THU JOURNAL OF CLINICAL INVESTIGATON, VOL. vII, NO. 3 4431 face, where it had practically stopped peeling. The skin on her arms had begun to peel, and her hair had started to fall out. She was still very thirsty. On the 25th her thirst and polyuria began to decrease. March 30th her appetite was normal. The skin on her hands was softer and smoother. She was still constipated. Several small boils had developed on her chest. She was able to walk without difficulty, and she was discharged from the hospital on April 3rd. She was followed at two to three-day intervals subsequently. In a few days time she contracted a cold, but her temperature was never above 97.8°F. By April 20th she had become sensitive to cold, her appetite was poor, she was nauseated, felt weaker and had some ataxia. By April 26th she had improved in strength and her appetite was better. On the 28th she went shopping by herself for the first time in four years. Her hair had stopped falling out. By May 10th however, she was having vomiting spells and anorexia. Her abdomen had become somewhat distended again, and she was feeling tired, sleepy and cold. The skin on her face and hands was still smooth. By the 21st slight edema of her eyelids was noticeable. She said she felt just as strong as one month previously. She was able to walk down town alone-a distance of about a mile. On the 23rd she developed an infection of the right finger, which gradually cleared up. June 2nd she developed erysipelas, which cleared up in a few days time. About June 4th her basal metabolism was at its pre-injection level of minus 45 per cent. June 7th her eyelids were moderately puffy. She was weaker than one month previously, but could walk fairly well. Her skin was slightly dry all over her body: it was still peeling on the soles of her feet. She felt sleepy and nauseated and minded the cold, but none of her symptoms were as marked as when she entered the hospital.
She was started on 3 grains of Armour's desiccated thyroid daily on June 7th.
June 9th she felt brighter and less sleepy. Although it was an extremely hot day, the temperature was "just right" for her. On the 10th her eyelids were less puffy and she felt stronger. June 12th the puffiness was practically gone. She had nausea and vomiting and felt "shaky." She had no increased thirst. June 15th she had pain on pressure of her thighs and legs. On the 16th she began to get thirsty and to pass more urine. She was more nervous. On the 25th her nausea disappeared. By June 29th, when her basal metabolism was minus 19 per cent, her signs and symptoms of myxedema had cleared up and she was feeling well in general. About July 20th she had her first catamenia for six years. Her skin was not peeling nor was her hair falling out. July 26th she looked and felt tired and her dose of thyroid was reduced to 1I grains daily. On this dose she felt brighter and stronger. She could do her own housework without unusual fatigue and she was not sleepy in the day time. She continued thus, with a basal metabolism in the region of minus 13 per cent, until the end of October, when she began to feel drowsy most of the time and to mind the cold. Otherwise, she was well except for ataxia, which, however, occurred only when she left home. She reentered the hospital November 22nd. After rest in bed she felt brighter and stronger. It was decided that her ataxia, which was associated with absent AAA knee jerks, was probably unrelated to her myxedema. There was no essential change in her basal metabolism. November 28th, she was given 10 mgm. of thyroxin intravenously at 8 p.m. Desiccated thyroid, grains Ij daily, was continued. During the night her head began to ache. Next morning her headache was gone, but she felt more nervous and restless. In the evening she vomited. On the 30th she felt exceedingly warm. Her skin was hot although not moist, and her temperature was 101.5°F. She had a headache and was thirsty. She was not passing more urine. December 1st she had no headache, nausea or fever, but she felt weaker and more nervous. On the 2nd her nervousness had decreased. On the 3rd she felt "fine" and continued thus, except for a transient attack of aches and pains on December 15th. Her basal metabolism reached its pre-injection level of minus 13 per cent about December 21st. On the 31st she was discharged from the hospital, with a basal metabolism of minus 18 per cent. She felt much brighter and livelier than on admission and had no ataxia. One and one-half grains of thyroid was continued at home. On this dose she felt well until February 1928, when she had begun to be dopey and drowsy again. Thyroid was increased to 3 grains daily. On this dose her metabolism rose to normal, she became more nervous and tired more easily. Her appetite was poor. She had no palpitation. She reentered the hospital November 17th. There were no signs or symptoms of myxedema and her basal metabolic level was minus 6 per cent.
She was given 10 mgm. of thyroxin intravenously at 6 p.m., November 26th. At about 10 o'clock that night a dull headache which she had had for several days, became much worse, and she became nauseated. Next morning there was some tenderness of the leg and arm muscles: this became more pronounced towards evening. She was very nervous, had a tremor, was unusually thirsty and perspired a great deal. That night she had severe pain about the umbilicus and vomited four times. On the 28th her nausea and headache were less marked, and her skin was not so warm. Her temperature was 100°F. Her muscles were still sore. On the 29th she was much less nervous and she had no tremor or nausea. Muscle tenderness was much less marked. Her skin temperature was about normal. November 30th she had some palpitation and nausea in the morning, and she felt nervous and jumpy. In the afternoon her heart was quieter.
Her skin felt warm and her leg muscles were still quite tender. She was drinking more water and passing more urine. December 1st, her appetite, which had been poor since injection, improved. On the 2nd, muscle tenderness was confined to the legs, which were moderately tender. She had no cardiac symptoms. December 5th she was feeling well. The muscles of her right calf were still slightly tender. By the 7th muscle tenderness had completely disappeared. From then on, her progress was uneventful, except for a mild upper respiratory infection about December 17th. Her basal metabolism reached its pre-injection level of minus 6 per cent about December 19th. She was discharged on 3 grains of thyroid daily, on the 21st. March 11th, 1929, when last seen, she was well. The daily metabolic rates were plotted on graph paper ruled in small squares (sample insert in each figure), each small square representing a change of 1 per cent in the standard normal basal calories per square meter per 24 hours. A curve was drawn through the points thus plotted, to denote the actual course of the metabolism. The base line was the level of the metabolism before the injection of thyroxin. The number of squares contained in the area bounded by the base line and the curve was counted. The difference in the number of squares in the graphs at different metabolic levels gives a fairly close estimate of the difference in the magnitude of the response at each level: but to bring each response to terms of total excess heat production, the normal basal metabolic rate (Aub-DuBois standards) in calories for 24 hours was multiplied by the number of squares and the result divided by one hundred. The method used is rough, but is sufficiently accurate, considering the number of other variables which enter into the situation, to show the marked differences in reaction which occur at different levels of basal metabolism. 3 When the patients were myxedematous with basal metabolic rates of minus 40 and minus 45 per cent, the total excess heat produced 22, 455 by the injection of 10 mgm. of thyroxin was ) = 6.8 times and 3,320 21,075 -7.5 times as great respectively as when they were normal 2,815 with rates of minus 4 and minus 6 per cent.
It is of interest that the ascending portions of the curves occupied about the same length of time (4 to 6 days) at both the normal and the myxedematous levels, being possibly a little shorter at the normal level.
The rate of increase in heat production was greatest immediately following injection, particularly at the myxedematous level. Thus in case 1 it had risen 16 out of 43 points within 18 hours after injection and 33 points within 42 hours: it then remained at a level for another 48 hours before starting to rise to its maximum, which was reached 138 hours after injection. In case 2 it had risen 20 out of 39 points within 18 hours after injection, and then remained at about the same level for another 48 hours before starting to rise to its maximum, which was reached 114 hours after injection.
The descending portions of the curves occupied a much longer time when the injection was given at the myxedematous levels (80 to 85 days) than when it was given at the normal levels (18 to 19 days). At the normal levels, the initial part of the fall was perhaps a little steeper than the last part. The long plateau, at a level a little above the base line, which was an outstanding feature of the descending portion of the curve when the injection was given at a myxedematous level, was missing.
Comparison of effect on clinical condition of the intravenous injection of 10 mgm. of thyroxin when the patients were myxedematous and when they were normal As the clinical histories show, there were two outstanding differences:
1. The symptoms attributable to intoxication, viz., vomiting, anorexia, fever, headache, palpitation, increased thirst, tremor and muscle tenderness, were all more marked when the patients were myxedematous than when they were normal.
2. The clinical improvement at the myxedematous level was striking: at the normal level, the only effect was a toxic one.
It is of interest that the degree of muscle tenderness and the increase in temperature following injection appear to vary directly with one another. Thus, in the first patient, there was only slight muscle tenderness even at the myxedematous level; and the temperature was only slightly elevated ( fig. 5 ) at the myxedematous and not at all at the normal level. In the second patient, however, the muscle tenderness was very severe at the myxedematous level and the temperature was correspondingly high, viz., 104 degrees Fahrenheit ( fig. 6) : at the normal level both were less affected, but nevertheless were as marked as in the first patient at the myxedematous level. These observations suggest that the muscle tenderness and increase in body temperature following the injection of thyroxin, may be due to the same cause, i.e., destruction of tissue.
A striking feature was the rapidity with which the clinical reaction noticeable diminution in the edema of the eyelids in both instances: the patients looked -brighter and moved a little more quickly. The second patient, after the second injection (basal metabolic rate before injection minus 13 per cent) developed a headache in about 4 to 6 hours, and af.ter the third injection (basal metabolic rate before injection minus 6 per cent), a headache-which had been present for several days, became worse 4 hours later and she became nauseated. The height of the intoxication was reached on the second day following all injections except the second one in the first patient. In this instance, it was reached on the fourth day after injection. In both patients at the myxedematous level, all the symptoms of intoxication had begun to abate after the fifth day. Following the second injection in the first patient, the peak of the reaction was over in six days: and following the last two injections into the second patient, the symptoms attributable to intoxication had practically disappeared by the fifth day.
T "t--t--r--t--t--t---1--T--IP---1--
When the patients were my*edematous, the clinical benefit of the injection of 10 mgm. of thyroxin was not at its height until three weeks after injection; and at this time the weight was still falling although the basal metabolism had dropped to minus 20 per cent in case 1 and minus 28 per cent in case 2. In the first patient, whose hospital routine was not disturbed, this benefit continued unabated for three more weeks, by which time she had lost a little more weight and her basal metabolism had fallen to minus 28 per cent. In both patients the reversion to myxedema was very gradual and by no means complete. When their basal metabolic rates had returned to their pre-injection levels of minus 40 and minus 45 per cent respectively, both patients showed very few manifestations of thyroid deficiency and moreover weighed 6 and 5 kilograms less respectively than before injection, although at these same levels of metabolism they had previously been classical cases of myxedema. That the decrease in the magnitude of the reaction to the intravenous injection of 10 mgm. of thyroxin at a normal level of basal 454 metabolism as compared with a myxedematous level of metabolism, is not due to the establishment of a tolerance to thyroid substance, is upheld by the following considerations:
1. We have never encountered a case of myxedema, in which a dose of desiccated thyroid which was definitely established by administration for a long enough period of time to be sufficient, for maintenance, had to be increased later because of the development of a tolerance to the substance.
2. The response of normal and obese individuals to desiccated thyroid by mouth (1) (3) (4) (5) or to thyroxin given intravenously (2) (6) is less than that of patients with myxedema.
A more reasonable explanation of the decrease observed, is that at the myxedematous level, the thyroxin is supplying a marked, perhaps complete deficiency of thyroid gland secretion, whereas at a normal level, thyroxin is being given in excess. The body would be expected to deal with these different situations in a different manner, in the latter instance bringing into play some mechanism which would tend to keep conditions constant. By injecting the thyroxin intravenously, it can be made certain that it is completely absorbed by the blood stream: but the amount, time and method of its absorption by other tissues and its excretion from the body, under different circumstances, are practically unknown. Kendall (7) states that within fifty hours after 200 milligrams were injected into the saphenous vein of a dog, 43 per cent of the total iodine contained in the thyroxin was excreted in the bile and 13 per cent in the urine. In this case the thyroxin was given in great excess so that these figures probably do not represent the per cent of a 10 mgm. dose that is excreted unused when given to a patient with myxedema.
It is reasonable to assume that under normal conditions, when the rate of cell metabolism is more-rapid than in the myxedematous condition, the excretion of thyroxin may also be more rapid. This may be at least one element in the mechanism which, at a normal level of metabolism, guards against the effects of excess dosage of thyroxin.
Incidentally, a curve denoting the effect on basal metabolism of an intravenous dose of thyroxin represents only the effect of whatever fraction of that dose is not eliminated from the body unused at one 455 time or another during the course of the observations. One would expect this fraction to vary under different circumstances.
Plummer and Boothby (8) state that in myxedema, 1 milligram of thyroxin injected intravenously raised the basal metabolism an average of 2.8 per cent. Their table shows that they divided their myxedematous patients into groups according to the metabolism, which ranged from below minus 35 per cent to above minus 14 per cent. The lower the meta.bolism, the larger the dose of thyroxin administered. Their results ranged irregularly from 1.6 to 3.5 per cent increase in metabolism per milligram of thyroxin injected. In the groups with metabolic rates "above minus 14 per cent," "minus 15 to minus 19 per cent" and "minus 35 per cent and below" (the only ones in which significantly different doses were givem at the same metabolic level), the results suggest that the greater the dose the less the increase in metabolism per milligram of thyroxin injected. That the size of the dose may affect such results is indicated by Kendall's (9) observation that the injection of one enormous dose (200 mgm.) into a dog had no more clinical effect than a single small dose. While 2.8 per cent rise per milligram is the proper average for Plummer and Boothby's observations throughout their metabolic range, and may be for such observations in general, it should be understood that the variations allowed for by this figure are within rather wide limits. Our findings indicate that for a 10 mgm. dose, the variation may range from a rise of 4.3 per cent per milligram to a rise of only 2 per cent per milligram, depending upon the initial level of the basal metabolism within the range of minus 45 to minus 4 per cent.
Boothby, Sandiford, Sandiford and Baldes (10) have attempted to reduce the relation between the size of the dose and the excess heat production to mathematical terms. On the basis of their interesting data most of which are charted in another article (2) , and which were made on one myxedematous patient, they tentatively estimate that the continued administration of an average intravenous dose of 0.25 mgm. of thyroxin daily raised the heat production approximately 525 calories above the myxedematous basal level of 1100 calories; an Plummer (13) states that the effect of an intravenous injection of thyroxin on metabolism in myxedema sometimes lasts for 10 weeks. Baumann and Hunt (14) on the basis of their experiments on "the specific dynamic action of glucose" following complete thyroidectomy in rabbits, concluded that it took about 65 days for the thyroid secretion in the tissues to become exhausted. Magnus Levy (15) found in his myxedematous patient that it took about 80 days for the effect of thyroid feeding on basal metabolism to wear off.
As may be seen from figures 3 and 4, the level of the metabolism at the time of injection of thyroxin has a very important bearing on the time occupied by the decrease in basal metabolism, and consequently upon the total amount of excess heat produced. This may explain some of the differences noted by various observers in the duration of the descending portion of the curve.
C. Possible significance of the lag of clinical effects behind basal metabolism after injection of thyroxin when the patients were myxedematous The marked lag in disappearance and reappearance of clinical signs and symptoms of myxedema behind the rise and fall in basal metabolism illustrates the striking slowness with which the chemical changes in tissues that are characteristic of myxedema occur. In terms of basal metabolic rate, the effect of the injection of 10 mgm. of thyroxin in myxedema is completed in 90 days, but in terms of general well-being, the effect lasts for some time longerprobably several months. If the latter effect be due to some residual thyroxin in the tissues, then the rate of destruction of thyroxin has never been even approximately determined. If it is merely an expression of some mechanism which thyroxin has set into play and which is acting long after the thyroxin itself has become exhausted, thendthere is no guarantee that at least part or possibly all of the descending portion of the basal metabolism curve is not of the same nature. Possibilities such as these make one hesitate to apply formulae to the descending parts of the cutves of metabolism and to use the results to calculate the amount of thyroxin in the body. 4 Even if there were sufficient data, well controlled as to dosage and level of metabolism at the time of injection, one would be at a loss to know at what point all the thyroxin actually disappeared from the reaction.
Boothby, Sandiford, Sandiford and Baldes (10) state that the data of the descending portions of their three curves on one myxedematous patient lie within the experimental error of an exponential curve of the following formula:
where H = excess heat calories due to thyroxin and 1660 is an arbitrary value for zero day; 10-0024 is the exponential constant, t the number of days following the zero day and H' is 1150, the heat production of the myxedematous subject before the administration of thyroxin. The excess heat production when plotted on semi-logarithmic paper against time fell on a straight line and could be expressed by the above formula. Therefore, they tentatively assumed that this excess heat was dependent on some function of the concentration of thyroxin in the body. They further state that "if we assume that the excess heat is directly proportional to the concentration of thyroxin in the body then the disappearance of thyroxin from the body obeys the same law as the excess heat production and the r6le of the thyroxin is identical with that of a specific catalyst and follows the law of monomolecular reactions." Rabinowitch (16) points out that while the descending portion of the curve possibly may be explained on such a basis, the ascending portion cannot be. "Since we are dealing with a reaction which increases in magnitude for a number of days after the administration of a single dose of the drug, it is obvious that the concentration of that 4Inasmuch as the rate at which thyroxin is used and the magnitude of its effect appear to depend upon the level of the basal metabolism before injection and the size of the dose given; inasmuch as the basal metabolism does not necessarily record the concentration of thyroxin in the tissues; and inasmuch as the rate and time at which it disappears from the reaction when its administration is stopped cannot be determined at present, we find it difficult to understand how Plummer (11) where QO = the original quantity, k = constant, Qt = the amount to which QO has grown in time t and Xt = the increment during time t.
"If the law is applicable, it should be possible to predict the heat production at the end of any period of observation, once the constant of increment is known." When a constant value for k was used throughout the period of increment, the calculated results agreed reasonably well with the observed results. If values for k were calculated at different intervals, however, a marked inconstancy was noted. He found a similar variation in the value for k in the descending portion of one of the curves of Boothby and Rowntree (17) . He therefore concluded that "we are either not dealing with a reaction that follows the unimolecular law, or, as in the case of ferments, the fall in k may be attributed to destruction of the catalyst. If, however, the latter explanation is accepted, it is difficult to reconcile the increase in the rate of heat production which follows with the view that the heat production is a direct function of the concentration of thyroxin in the tissues." He suggests the possibility that, during the reaction, certain compounds are formed which are catalytic and may account for the prolonged effect following the administration of thyroxin.
The slope of the descending portions of our curves would appear to agree with the contention of Rabinowitch that the reaction is not a monomolecular one: and we are of the opinion that it is at present hopeless to give a satisfactory theoretical and mathematical treatment of so complex a biological phenomenon.
D. Bearing of our results on the treatment of myxedema We have frequently noticed that after the basal metabolism has been raised to a normal level in patients with myxedema, it is often possible, 460 by increasing slightly the oral dose of thyroid (2 to 1I grains of Armour's thyroid daily), to produce unpleasant clinical symptoms without much increase in basal metabolism. For instance, in our first patient, 3 grains of desiccated thyroid were continued daily for nearly five months after the second injection of thyroxin. As shown in figure  1 , after the effects of the injection had worn off, although the basal metabolism remained approximately normal (plus 2 to plus4pe.r cent, with the exception of one determination of plus 13 per cent shortly after she went home), her weight dropped steadily. She developed some palpitation and precordial pain, was nervous, fatigued easily, perspired more than usual and looked worn out. Qn reducing the dose of desiccated thyroid to 1' grains daily, her metabolism was still within normal limits (minus 9 to minus 2 per cent), and she gained weight. Her symptoms of thyroid intoxication disappeared and there was no evidence of myxedema.
Our results with thyroxin are in harmony with this observation. The frequent lack of effect on metabolism of a slight excess of desiccated thyroid when given at a normal level of metabolism is similar to the very moderate effect produced at this level by a large excess (10 mgm.) of thyroxin.
Inasmuch as a small excess of thyroid is not necessarily reflected in the level of the basal metabolism, the latter is not the only factor to be considered in gauging the proper maintenance dose for a patient with myxedema. The determination of the dose of desiccated thyroid must be in part based upon a careful clinical study of the patient.
SUMMARY
In two patients with myxedema, the intravenous injection of 10 mgm. of thyroxin produced more marked effects at a low level of metabolism (minus 40 and minus 45 per cent) than at a normal level of metabolism (minus 4 and minus 6 per cent respectively). This is shown by the following facts:
1. The total excess heat produced was about seven times as great viz., 22 4. The unpleasant clinical effects, including elevation of temperature, were more marked.
5. The beneficial clinical effects were marked at the myxedematous level. At the normal level, the only effect was a toxic one.
The appearance and disappearance of the clinical improvement lagged considerably. behind the rise and fall in basal metabolism when the injection was given at the myxedematous level.
The time occupied by the ascending portions of the curves varied from 4 to 6 days, and appeared to be approximately the same at the normal level as at the myxedematous level.
The slope of the descending portions of our basal metabolism curves following the injections at the lowest levels of metabolism, does not support the hypothesis of Boothby et al that the reaction is a monomolecular one.
CONCLUSIONS
The level of the basal metabolic rate at the time of the intravenous injection of a given dose of thyroxin into a myxedematous patient, has a marked influence upon the amount of excess heat produced and upon the intensity of both the unpleasant and the beneficial clinical effects.
The multiplicity of unmeasured factors involved in the reaction produced by thyroxin makes it impossible at present to reduce the effect to accurate mathematical terms. The most important of these factors appear to be the amount of injected thyroxin that is effective, the nature of the chemical changes produced by thyroxin, and the time and rate at which thyroxin disappears from the reaction-a factor which may not be accurately gauged by changes in the basal metabolism.
The clinical condition of the patient is just as important as the basal metabolic rate in determining the proper maintenance dose of thyroid for a patient with myxedema.
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